Introduction
It has been customary for Canada to produce charts and models of the magnetic declination over Canada at five-year intervals; charts and models of other components are normally produced at ten-year intervals. One of the primary purposes of national charts is to depict spatial variations of the magnetic field in more detail and with greater accuracy than is possible with global models. However, if the secular variation (SV) is not well represented over the lifetime of the model, the accuracy of the model will decrease with time. The original IGRF (IAGA COMMISSION 2 WORKING GROUP 4, 1969) is well known to have suffered from the third problem, due in part to the appearance of the 1969 jerk halfway through the ten-year lifetime of the model. A combination of all three factors resulted in errors in producing the 1975 isoporic charts of Canada (DAWSON and NEWITT,1978) . The authors assumed that the sharp departure of the few data available for the period after 1970 from the long-term trend was of external origin.
The most recent model of the magnetic field over Canada, denoted CGRF 1985 , was produced in 1985 (HAINES and NEWITT,1986 ) using the newly developed method of spherical cap harmonic analysis (HAINES, 1985a) . The model contains cubic time terms. The secular variation is well modeled over the area and time span of the data, that is, from 1960 to 1983. However, errors of prediction, which always grow larger as time passes, are now becoming significant for the CGRF only five years after the 1983 limit of those data, especially in the case of the vertical component. The model is beginning to predict a much greater annual decrease in the vertical component over the eastern part of the country than is currently observed. should be using the model rather than a 1:10,000,000 scale chart.
In this note we describe a revised version of the CGRF for epoch 1987.5, incorporating the latest available SV data. The methods used are virtually identical to those outlined by HAINES (1985b) and HAINES and NEWITT (1986) . Computer programs used in the analyses described below have been given by HAINES (1988).
Secular Variation
The secular-variation model produced by HAINES (1985b) was a spherical cap harmonic model of maximum spatial index 4 and temporal degree 2. The area of consisted of first differences of the north (X), east (Y) and vertical (Z) components from 24 North American observatories and 138 repeat stations (see HAINES,1985b, Fig. 1) . In all, 2166 component first differences were used. The time span of the data ranged from 1960 to 1983, although 1983 values were available from only 16 observatories. The latest data from the remaining 8 observatories ranged from 1978 to 1982. Some repeat station data were available for 1983.
For the present analysis, the data set described above was supplemented with the latest observatory and repeat station data. Annual mean values for 1986 were available from the thirteen Canadian observatories. Some 1987 repeat station values were also available. Data from stations outside the spherical cap were also added for reasons described later. Thus there were, altogether, data from 29 observatories and 150 repeat stations, giving a total of 2901 component first differences.
In producing the new secular-variation model, attempts were made to improve upon the 1985 model in three respects: 1) a better spatial extrapolation in the oceanic areas where there are no data; 2) improved temporal extrapolation; As with orthodox spherical harmonic analysis, spherical cap harmonic analysis allows the inclusion of sources external to the surface of the Earth (HAINES,1985b (HAINES, , 1988 . Since most of the short-period fluctuations observed in the SV are probably of external origin, it seemed appropriate to include external fields in the analysis. However, it was necessary to restrict the analysis to low-degree time terms (degree 2 or 3) to prevent extrapolation problems. Consequently, there was no significant improvement in the fit when compared to the model with internal coefficients only. In addition, when the external and internal parts of the model were plotted separately, a comparison of their relative magnitudes showed that the model did not truly separate the internal and external SV fields. It was therefore decided to use internal terms only, and to use a temporal degree of 2, as did HAINES (1985b) .
To improve the temporal extrapolation of the model in oceanic areas, observatories and repeat stations outside the spherical cap were included in the analysis. However, these fell primarily in the western and southern parts of the map area and provided no control in the Atlantic Ocean region. To overcome this difficulty, it was decided to add, in areas of no data, simulated repeat stations whose first differences were derived from the new DGRF-IGRF models (BARRACLOUGH, 1985) . This was accomplished by fitting cubic time terms to the coefficients for each degree and order for the period 1960-1985. This is similar to the procedure followed by ALLDREDGE (1985) except that he used models only for the period [1965] [1966] [1967] [1968] [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] . In all, yearly differences for the period 1960 to 1985 were computed at 16 locations in oceanic areas near the periphery of the spherical cap. These differences received the same weight as observatory and repeat station data in the subsequent analysis.
The final analysis was performed on these data using a spatial index of 5 and a temporal degree of 2. The standard error of estimate was 11.3 nT/ yr. This compares with 11.8 nT/yr for the model of HAINES (1985b), which had a spatial index of 4 and a temporal degree of 2. Sample SV curves for four observatories are given in Fig. 1 . Also shown, as dashed lines, are the curves based on the previous model. It can be seen that differences between the two models are small before about 1980, but can be large (up to 75 nT/yr) after that year. HAINES and NEWITT (1986, Figs. l and 2) . All data were updated to 1987.5 using the revised SV model in the following manner. The model was first integrated. Then, for each observation the difference was calculated between the integrated model values at 1987.5 and at the date of the observation. This difference was added to the observation to obtain the component value at 1987.5.
Main-Field Analysis
The method used for the main-field analysis was similar to that described by HAINES and NEWITT (1986 Plots of the X, Y and Z components of the residual models are shown in Fig. 3 . These may be compared with Fig. 3 to Fig. 5 in HAINES and NEWITT (1986) . There are many similarities between the present and former plots, but there are also noticeable differences. There are two reasons for these: the subtraction of a different reference field, and an update using a revised secular-variation model. As an extreme example, consider the northern portion of the Z residual plot, where the 1987.5 residual model values can be more than 200 nT higher than those of the 1985. Nevertheless, the pattern of relative highs and lows is similar for the two models even in this region. Elsewhere, and on the other plots, differences are much less extreme.
These figures in essence present the rationale for producing a CGRF. If the residuals shown here were very small there would be no need for a regional model. The regional model is non-zero primarily because it can depict features of shorter wavelength than can be described by the IGRF. These include short-wavelength core fields (above degree 10) as well as broad-scale crustal anomalies. In addition, the regional model should represent the low harmonic (degree less than 10) core field better than the IGRF over the region of the spherical cap, because the former is based on data which have been updated to epoch using the latest SV information. The residual model added to the IGRF 1985 evaluated at epoch 1987.5 gives the main-field values for the Canadian Geomagnetic Reference Field for epoch 1987 .5 (CGRF 1987 . The secular-variation model was integrated and combined with the main-field model which forms the integration constant. The integrated or combined field model has maximum temporal degree 3, with maximum spatial index 16 for the main-field terms (temporal degree 0) and 5 for the SV terms (temporal degrees 1 to 3). Coefficients are given in Table 1 . Here the field is derived as the negative gradient of the potential (as in HAINES, 1988) rather than as the positive gradient (as in the nrevinnc CGRF mndell_ Charts of the main-field components D, H and Z for 1987.5 are shown in Fig. 4 and may be compared with Figs. 6, 7 and 8, respectively, in HAINES and NEwITT (1986) . Mean differences in all three components show a positive bias, although for X and Y this is small relative to the standard deviation. The difference between the 1987.5 and 1985 models, both evaluated at 1987.5, is not constant across the spherical cap. A plot of the X differences (not shown) indicates that CGRF 1985 is high relative to the CGRF 1987.5 (both evaluated at 1987.5) in the central regions, but low near the edge of the map; a similar plot for Yshows that the CGRF 1985 is high in the northeast but low in the southwest. The large mean difference in Z is a reflection of the fact that for the CGRF 1985 the secular variation of the Z component does not extrapolate well to 1987.5. Thus for Z the CGRF 1985 is low relative to the CGRF 1987.5 over almost the entire map area, with the largest differences (over 300 nT) occurring along the Canadian east coast.
This shows the importance of carefully monitoring the secular variation predicted by models of the geomagnetic field. By revising models more frequently than once every five years the inevitable secular-variation errors can be kept to a minimum. 
